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By Robert R. Dickey
SUMMARY

The static longitudinal aerodynamic characteristics of a femily of
sphere-cone combinations (fineness ratios from 1.0 to 6.0) were computed
by means of Newtonian impact theory. The effects of angle of attack,
fineness ratio, and center-of-gravity location are shown. The results
indicate that, with the center of gravity at or near the center of volume,
the sphere-cone combinations are statically stable at trim points that
provide low to moderate lift-drag ratios. In general, the lift-drag
ratio increased with increasing fineness ratic. As an example, with the
center of gravity at the center of volume, the lift-drag ratio at trim
was increased from approximately 0.05 to 0.56 by increasing the fineness
ratio from 1.2 to 6.0.

INTRODUCTION

Consideration of the heating, deceleration, guidance, and stability
problems encountered during high-speed entry into the earth's atmosphere
indicates that it would be desirable for an entry vehicle to have a blunt
forward face and to be statically stable at a trim point which would
provide a moderate lift-drag ratio. It would also be desirable for the
launch configuration to have axial symmetry. Preliminary analysis
indicated that a simple body of revolution consisting of a sphere with
a converging conical afterbody possesses these desirable characteristics
and, consequently, that such shapes merit further investigation. An
analytical study utilizing Newtonian impact theory was therefore under-
taken to gain further knowledge of the static aerodynamic characteristics
of sphere-cone combinations. The purpose of this report is to present
the results of that study. The effects of angle of attack, fineness
ratlio, and center of gravity on the 1ift, drag, and pitching-moment
characteristics of a family of sphere-cone conbinations having fineness
ratios from 1.0 to 6.0 are shown.



NOTATTON

axial force

axial-force coefficient, é%

dc
A
local axial-force coefficient per unit length, ——
d(x/d)
drag-force coefficient, Cp cos @ + Cy sin «
lift-force coefficient, Cy cos o - Cp sin o
. . - m

pitching-moment coefficient, 35d

acp
local pitching-moment coefficient per unit length, 51-753

b

normal-force coefficient, 5%

dac
local normal-force coefficient per unit length, N

a(x/a)

pressure coefficient

drag force

diameter of the sphere

distance of the center of gravity fron the longitudinal axis
Tineness ratio of the sphere-coné comdination, é

lift force

lift-drag ratio

length of the sphere-cone combination

pitching moment about the center of gravity

normal force (force perpendicular to —he longitudinal axis
measured in the o plane)

free-stream dynamic pressure
radius of the sphere
local cross-sectional radius of the sphere-cone combination

frontal area of the sphere, 7R
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X distance along the longitudinal axis from the nose of the sphere-
cone combination

Xgo distance along the longitudinal axis from the nose to the center
of gravity of the sphere-cone combination

ol angle of attack (angle between the longitudinal axls and the
free-stream velocity vector)

B radial angle measured in a plane normal to the longitudinal axis
(See fig. 1.)

By radial angle denoting the upper limit of the body surface exposed
to the air stream (See fig. 1.)

o} local body slope with respect to the longitudinal axis (See
fig. 1.)

M angle between the free-stream velocity vector and the perpendic-

ular to the local surface of the body
SPHERE-CONE COMBINATIONS

The geometry of the family of sphere-cone combinations considered
in this report is shown in figure 1. Each combination consisted of a
sphere with a converging conical afterbody tangent to the sphere. The
length of the conical afterbody relative to the diameter of the sphere
was varied so that the resultant fineness ratios of the sphere-cone
combinations ranged from 1.0 to 6.0.

METHOD

In order to obtain the total force and moment coefficients of a
sphere-cone combination, it is convenient to determine first the local
force coefficients acting on a transverse section. The general expres-
sions for the local axial-force and normal-force coefficients per unit
length of an arbitrary body of revolution are given in reference 1 as

i Pu

_ dr

Cp' = = tan a\/P Cpdp (1)
-1/ 2

and



Pu
Cy' = - %%\/P Cp sin 3 dB (2)

/2

The foregoing equations are for that portion »f the body exposed to the
air stream. In the analysis the portion of tnie body shielded from the

alr stream is assumed to have a pressure coefTicient of zeroc and there-
fore not to contribute to the body forces.

The pressure coefficient, CP’ of a surfa:e exposed to the air stream
is given by Newtonian theory as

C, = 2 cos2y (3)

b
where, for an arbitrary body of revolution

cos N =cos o sin & ~ sin @ cos & sin B (%)

Substituting equations (3) and (4) into equations (1) and (2) and
integrating yields

)
Cp' = %% tan ® [<Fu + £> (2 cos®a sin®% + sin®a cos?8)

2
+ cos 3y(sin 2o sin 25 - sin®a co032% sin Bu%} (3)
and
Cy' = %% {%;<?u + g) sin 2a sin 2% + cos B, [2 cosZa sin28
- % sin 2o sin 28 sin By + % sin®o ¢>s28(sin®py + 2)]}- (6)

The local pitching-moment coefficient per uni: length can be expressed
in terms of the local geometric parameters anl the local axial- and
normal-force coefficients as

\
Cn! = <29d_0 - g Cy' - g—tan 5 Ci' - g— Cp' (7)

The total axial-force, normal-force, and pitching-moment coefficients
presented in this report were obtained by grashically integrating the
corresponding local force and moment coefficicnts per unit length (deter-
mined from eqs. (5), (6), and (7)) over the total length of the configura-
tion as indicated below:
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1/a

Cp =f Cptd(x/a) (8)
1/d
ew= [ owalx/a) )

Cp'a(x/d) (10)
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RESULTS

The static longitudinal aerodynamic characteristics of a family of
sphere-cone combinations, with the center of gravity located at the center
of volume, are presented in figures 2 to 8. The results show that these
blunt-faced bodies of revolution are statically stable at trim points that
provide low to moderate lift-drag ratios. In general, for a given angle
of attack, an increase in the fineness ratio results in an increase in
the 1ift and drag coefficients and in the lift-drag ratio.

The trimmed (Cm = 0) aerodynamic characteristics of sphere-cone
combinations, with center of gravity at the center of volume, are plotted
as a function of the fineness ratio in figure 9. The results show that
increasing the fineness ratio from 1.2 to 6.0 decreased the trim angle
from approximately 79° to 31° and increased the lift-drag ratio from
approximately 0.05 to 0.56. It should be noted that because of the
rotational symmetry of the sphere-cone combinations, the trim angles may
be considered as angles in pitch or yaw or any vector combination thereof.
In order to direct the 1lift force in the desired direction, some auxiliary
method of control (such as reaction jets) would be reguired for position-
ing and maintaining the configuration in the proper attitude of roll,
pitch, and yaw. If, however, the rotational symmetry of the configuration
is removed by locatlng the center of gravity off the longitudinal axis,
the 1ift force could be placed in the desired direction by controlling
only the roll attitude of the vehicle.

The effect of center-of-gravity location on the pitching-moment
coefficients of a representative sphere-cone comblnatlon (fineness
ratio = 2) is shown in figure 10 for the complete 360 angle-of-attack
range. The results shown in figure 10(a) (effect of longitudinal shift
of the center of gravity) indicate that the sphere-cone combination trims
at a usable angle of attack only when the center of gravity is located
very near the center of volume (i.e., closer than gbout 15 percent of
the body length). For other center-of-gravity locations, the trim angle
is either 0° or 180° and, as a result, no 1lift would be produced. With



the center of gravity located on the longitudinal axis and near the
center of volume, the configuration has two stable trim points, one at a
positive angle of attack and one at a negative angle of attack. However,
the results shown in figure 10(b) (effect of transverse shift of the
center of gravity) indicate that by locating the center of gravity off
the longitudinal axis, the sphere-cone combinetion can be made to have
only one stable trim point.

Ames Research Center
National Aeronautics and Space Administrstion
Moffett Field, Calif., Oct. 31, 1961
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Figure 2.- Axjal-force coefficlents of sohere-cone combinations.
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Figure 3.- Drag coefficilents of spherc-cone combinations.
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Figure L4.- Normal-force coefficients of spaere~cone combinations.
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Iift coefficients of sphere-cone combinations.
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Figure 6.~ Pitching-moment coefficients of sphare-cone combinations with
center of gravity at the center >f volume.
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Figure 7.- Lift-drag ratios of sphere-cone combinations.
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Figure 8.- Drag polars of sphere-ccne combinations.
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(a) Longitudinal shift of center of gravity.

Figure 10.-~ Effect of center-of-gravity location on the pitching-moment
coefficients of a sphere-cone combination of fineness-ratio 2.
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(b) Transverse shift of center of gravity from

the center of volume

- Concluded.

Figure 10
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